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METHOD AND APPARATUS FOR SURGICAL NAVIGATION OF A MULTIPLE 
PIECE CONSTRUCT FOR IMPLANTATION 

FIELD 

[0001] The present invention relates to surgical navigation for 
assembly and implantation of a multi-piece construct into an anatomy; and 
particularly to a method and apparatus for percutaneous and/or minimally 
invasive implantation of constructs into a selected portion of an anatomy. 

BACKGROUND 

[0002] Image guided medical and surgical procedures utilize patient 
images obtained prior to or during a medical procedure to guide a physician 
performing the procedure. Recent advances in imaging technology, especially in 
imaging technologies that produce highly-detailed, two, three, and four 
dimensional images, such as computed tomography (CT), magnetic resonance 
imaging (MRI), fluoroscopic imaging, positron emission tomography (PET), and 
ultrasound imaging (US) has increased the interest in image guided medical 
procedures. 

[0003] Image guided surgical techniques have been used to assist 
surgeons and individuals in various surgical procedures. Various image based 
navigation systems include U.S. Patent No. 6,470,207, entitled "Navigational 
Guidance Via Computer-Assisted Fluoroscopic Imaging", issued October 22, 
2002, which is hereby incorporated by reference in its entirety; and image based 
systems such as the STEALTHSTATION, and various improvements such as the 
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TREON and ION sold by Medtronic Surgical Navigation Technologies of 
Louisville, Colorado. Generally, the procedures and instruments used with image 
guided surgery allow for visualization or virtual visualization of surgical 
instruments and various anatomical portions in relation to preacquired or real- 
time images. Representations of the instruments and implants are generally 
super-imposed over the preacquired or real-time images of the patients anatomy. 
Nevertheless, these systems generally require registration of the image data to 
the patient such that the image data used to guide the procedure matches the 
patient's intra-operative orientation known as patient space. 

[0004] Various medical procedures may benefit from image-based 
navigation systems. For example, a spinal fusion procedure may be performed 
according to various known techniques. For example, an image based 
navigation system, such as those discussed above, may be used to assist in a 
spinal fusion procedure. Nevertheless, the navigation system generally requires 
the acquisition of a patient image and a registration of the patient image with the 
surgical patient space to ensure proper guiding and navigation of the instruments 
and implant portions. Therefore, the image based navigation systems require 
use of various image acquisition components in an operative procedure, such as 
the fluoroscopic device, a magnetic resonance imaging (MRI) device, or other 
image capturing devices. These images are then registered relative to the 
patient, generally using known registration techniques, such as automatic 
registration, user guided registration, 2D or 3D registration, point registration and 
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surface registration. Dynamic referencing may also be used to track patient 
movement during the procedure. 

[0005] In the alternative, a substantially open procedure may be used 
to perform the spinal fusion, or anterior cruciate ligament replacement, 
acetabular implantation, femoral implantation, spinal disc nuclease replacement, 
spinal disc replacement, and the like. For example, the soft tissue surrounding 
the spine, particularly a posterior portion of the spine, may be substantially 
opened or removed such that an "open" view of the spine may be obtained. After 
the soft tissue has been opened to create the operative passage, the procedure 
may continue with the user, such as a surgeon, having a clear view of the 
surgical area. Nevertheless, the open procedures require a large incision and 
movement of soft tissue. This large incision, movement of soft tissue, and 
necessary closures, often may require an extended recovery. 

[0006] Open procedures may also be supplemented with various 
systems, such as a device to mechanically customize connecting rods by 
MEDIVISION of Germany. This system may allow for bending of connecting 
rods to fix a selected geometry. The selected geometry may be determined 
using any appropriate mechanism, such as a coordinated system or registration 
system to determine the appropriate angle and shape of the rod. 

[0007] Alternatively, a substantially percutaneous and/or minimally 
invasive procedure may be used to position a construct to perform a spinal 
fusion. During the percutaneous procedure, the various components of the 
construct are mechanically interconnected or held with an alignment instrument. 
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For example, a head of a pedicle screw may be aligned with such an instrument. 
Once aligned, the instrument mechanically guides a connector member to 
interconnect with each pedicle screw. 

[0008] Although this may be achieved with little difficulty when a low or 
single level construct, such as a low number of elements are used, such as 
interconnecting two pedicle screws, it becomes more difficult when attempting to 
interconnect multi-level constructs, such as more than two pedicle screws. In 
addition, if the screws are implanted in a selected non-aligned position, such as 
required by various procedures, the interconnection by a connector is also 
difficult because the alignment by mechanical means becomes more complex 
and difficult to achieve. Further, having a constrained geometry increases the 
complexity. A constrained geometry requires the precise alignment of a plurality 
of portions that is complex in a percutaneous procedure using mechanical 
interconnections for alignment. 

[0009] Therefore, it is desirable to provide a method and apparatus for 
performing surgical navigation of a percutaneous procedure to implant a selected 
construct. It is also desirable to provide a surgical navigation apparatus and 
method for generally planning and confirming an assembly of a construct 
percutaneously to substantially minimize or reduce trauma to the soft tissue and 
reduce the size of the incisions required to access the anatomical portions. It is 
also desirable to perform an imageless surgical navigation procedure that does 
not require registration of image data with patient space. 
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SUMMARY 

[0010] A method and apparatus for providing a selected multi- 
component construct relative to other components or to a selected portion of an 
anatomy. Generally, the apparatii include instruments or elements that can be 
localized by being sensed or detected with various instruments. For example, 
optical or electromagnetic (EM) localization techniques may be used to 
determine the precise location of a selected implant construct or implantation 
instrument. For example, an optical localizer can be positioned relative to an 
extender extending from implant element, such as a screw. Similarly, a coil may 
be positioned in an EM field such that the position of the coil may be determined 
by sensing the induced voltage, and vice versa. 

[0011] In addition, the apparatii, such as a computer, may allow for the 
selection of various components that can be implanted to form the selected 
construct. For example, a predetermined or selected outcome can be used to 
provide or form a selected construct from various components such that the 
selected outcome may be achieved. The various instruments may be used to 
plan and select intraoperatively the various portions of the construct that may be 
positioned relative to the anatomy. 

[0012] In addition, the various instruments may be used to guide and 
track the various portions of the construct to ensure that the selected plan is 
achieved. Therefore, a plan may be formulated prior to the implantation of at 
least all of the construct to ensure the achievement of the selected outcome. 
The actual procedure may be performed using the selected plan and the 
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procedure may be monitored, tracked, and navigated to ensure that the selected 
outcome is achieved. The whole process may be performed in an imageless 
manner and, thereby, without a need to register images with the patient space. 

[0013] According to various embodiments a system for use in 
navigating an implantation of a selected construct is disclosed. The system 
includes a first member and a second member of the construct adapted to 
selectively interact with each other after implantation. A localization element is 
selectively associated with at least one of the first member and the second 
member. A detector is able to detect the localization element when the 
localization element is associated with at least one of the first member and the 
second member. Also, a processor is operable to assist in navigation of the 
second member relative to the first member. The processor is operable to 
receive position information for at least one of the first member and the second 
member from the detector and further operable to determine a relative position of 
the other of the at least one of the first member and the second member. The 
relative position is operable to allow a navigation of at least one of the first 
member and the second member. 

[0014] According to various embodiments a system for use in 
determining a position of a first implantable member and planning and navigating 
relative to the first member for positioning a second member to interact with the 
first member is disclosed. The system includes a tracking element associated 
with the first member to assist in determining a position of the first member. A 
first detector detects the tracking element and a processor determines a position 
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of the first member depending upon the detection of the first detector. A 
navigable instrument is operable to move the second member relative to the first 
member; and a second detector detects the navigable instrument. The 
processor is operable to determine a position of the second member relative to 
the first member in at least two planes. The processor is operable to navigate 
the navigable instrument relative to the tracking element for positioning of the 
second member relative to the first member. 

[0015] According to various embodiments a method of percutaneous 
and/or minimally invasive implantation of a construct having at least a first 
member, a second member, and a third member is disclosed. The method 
includes positioning the first member and determining a position of the first 
member in a selected space. The method further includes positioning the 
second member relative to the first member and determining a position of the 
second member in the selected space. Also, navigating the third member 
relative to the first member and the second member may be performed. The 
navigation generally includes determining a real time optimal position of the third 
member in the selected space; and determining a real time position of the third 
member relative to at least one of the first member and the second member. 

[0016] According to various embodiments is also disclosed a method of 
implanting a construct of at least a first member, a second member, and a third 
member substantially percutaneously and/or minimally invasive. The method 
includes selecting a final orientation of at least one of the first member, the 
second member, and the third member relative to at least one other of the first 
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member, the second member, and the third member. A determination of the 
position of the first member and the second member and displaying the position 
of each of the first member and the second member is also performed. A 
characteristic of at least one of the first member, the second member, and the 
third member is selected. Also, positioning with navigation at least one of the 
first member, the second member, and the third member relative to another of at 
least one of the first member, the second member, and the third member to 
achieve the selected final orientation. 

[0017] Further areas of applicability of the present invention will 
become apparent from the detailed description provided hereinafter. It should be 
understood that the detailed description and specific examples, while indicating 
the preferred embodiment of the invention, are intended for purposes of 
illustration only and are not intended to limit the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0018] The present invention will become more fully understood from 

the detailed description and the accompanying drawings, wherein: 

[0019] Figure 1 is an environmental view of a surgical navigation 

system including an optional imaging system; 

[0020] Figure 2A is an ideal calibration image for the optional imaging 

system; 

[0021] Figure 2B is a non-ideal calibration image for the optional 
imaging system; 
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[0022] Figure 3A is a construct according to an embodiment; 

[0023] Figure 3b is a connector for the construct of Figure 3a according 
to various embodiments; 

[0024] Figures 4A-4C are localization units according to various 
embodiments; 

[0025] Figure 5 is a navigable instrument to assist in positioning a 
connector according to various embodiments; 

[0026] Figure 6 is a flow chart for a method of implanting and 
navigating a selected construct according to various embodiments; 

[0027] Figure 7A is a partial detailed view of a portion of a spine 
including a portion of a construct localization element affixed thereto; 

[0028] Figure 7B is a screen produced by the navigation system 
display indicating a location of a first portion of a construct; 

[0029] Figure 8A is a partial detailed view of the spine including two 
portions of a construct and a localization element affixed thereto; 

[0030] Figure 8B is a screen produced by a surgical navigation system 
including two portions of the construct; 

[0031] Figure 9A is a display produced by the surgical navigation 
system for planning the procedure; 

[0032] Figure 9B is a partial detailed view of a portion of the spine 
including an element to assist in positioning a third portion of the construct; 
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[0033] Figure 1 0A is a partial detailed view of the spine including three 
portions of a construct including localization elements affixed thereto according to 
various embodiments; 

[0034] Figure 10B is a screen produced by the surgical navigation 
system to assist in positioning a third member of the construct; 

[0035] Figure 11A is a partial detailed view of the spine including a 
probe to determine a contour of soft tissue surrounding the spine; 

[0036] Figure 11B is a screen produced by the surgical navigation 
system including an optional image of the anatomical portions; 

[0037] Figure 12A is a partial detailed view of the spine including a 
connector that is navigable relative to other construct portions; 

[0038] Figure 12B is a virtual view of the connector interconnecting the 
various portions of the construct and assisting in the navigation thereof according 
to various embodiments; 

[0039] Figure 13A is a partial detailed view of the spine including the 
construct assembled; and 

[0040] Figure 13B is a screen produced by the surgical navigation 
system to indicate completion of the procedure and optional confirmation using 
the optional imaging system. 

DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS 
[0041] The following description of various embodiments is merely 
exemplary in nature and is in no way intended to limit the invention, its 
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application, or uses. Although the following description relates generally to the 
placement of screws, such as pedicle screws, and a member or connector 
relative to the pedicle screws in a spinal procedure, it will be understood that the 
apparatus and methods may be used for other procedures without departing from 
the scope of the present description and appended claims. For example, while 
pedicle screws may be implanted relative to a pedicle in a vertebrae, various 
other screws may be implanted relative to other bone portions that may also be 
tracked and navigated using instruments and devices as disclosed herein. In 
addition, other implants, such as multi-component implants that require 
positioning of one component relative to another component may be implanted 
according to selected constructs using instruments and methods similar to those 
described herein. These implants may include joint implant, soft tissue implant, 
such as ligament implants, tendon implants and spinal disc implants, and others. 

[0042] Furthermore, the procedure may occur in any appropriate 
manner. For example, the procedure may be substantially open, or 
percutaneously or minimally invasively. Therefore, it will be understood that the 
description of the procedure is not intended to be limited to any particular form of 
a procedure. In addition a percutaneous and a minimally invasive procedure 
may be similar in regarding the small size of incisions, when compared to open 
procedures, to perform the procedure. Generally, a percutaneous and/or 
minimally invasive procedure includes a substantially small incision such that a 
portion of the operative site is covered by dermis tissue and dermis tissue 
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healing time is reduced. Although an open procedure may also be percutaneous 
as occurring generally through the skin and generally include a puncture wound. 

[0043] With reference to Figure 1, a surgical navigation system 20, 
which may include any appropriate surgical navigation system, is illustrated. For 
example, the surgical navigation system 20 may include an optical navigation 
system, an electromagnetic navigation system, and acoustic navigation system, 
an ultrasound, or any other appropriate navigation system. Although the 
following discussion generally relates to the use of an optical navigation system, 
it will be understood that any appropriate navigation system may be used and the 
optical navigation system is described merely as an example. Exemplary 
electromagnetic navigation systems are set out in U.S. Patent No. 6,493,573, 
issued Dec. 10, 2002, entitled "METHOD AND SYSTEM FOR NAVIGATING A 
CATHETER PROBE IN THE PRESENCE OF FIELD-INFLUENCING OBJECTS"; 
U.S. Patent No. 5,592,939, issued January 14, 1997, entitled "METHOD AND 
SYSTEM FOR NAVIGATING A CATHETER PROBE; U.S. Patent No. 6,516,212, 
issued February 4, 2003, entitled "THREE DIMENSIONAL MAPPING"; U.S. 
Patent No. 6,522,907, issued February 18, 2003, entitled "SURGICAL 
NAVIGATION"; each of which is incorporated herein by reference. 

[0044] The surgical navigation system 20 generally includes an optical 
detector 22 operably connected to a computer or processor 24 through an 
appropriate communication line 26. The detector 22 may also include a plurality 
of detector. Each of the plurality of detectors may be able to detect a different 
source, such as EM or optical. Therefore, the navigation system 20 may be able 
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to detect more than one tracking element. The line 26 may be any appropriate 
line and may also be a wireless connection. Therefore, the detector 22 may be 
positioned anywhere relative to the navigation computer 24 and communicates 
therewith over the line 26. In addition, a monitor or display 28 may be provided 
for a user to view, such as a surgeon 30. The monitor 28 may be any 
appropriate monitor and may also include a heads-up or head mounted display. 
Nevertheless, it will be understood that the monitor 28 is able to display an image 
produced by the computer 24 based upon a preset program or user input 
according to the teachings of the present invention. 

[0045] The detector 22 may be operably located in any appropriate 
location such that the detector 22 is able to detect a tracking element 34 operably 
connected to a selected instrument 36. The detector 22 may also be operable to 
detect any other appropriate tracking element. For example, the detector 22 may 
also be able to detect an optional dynamic tracking reference element 38. As 
discussed herein, however, the dynamic tracking element 38 may not be 
necessary depending upon the selected parameters for the surgical navigation 
system 20, the procedure being performed, user preference, and other 
appropriate considerations, further discussed herein. Nevertheless, if the 
dynamic reference tracking element 38 is selected to be used, the dynamic 
tracking reference 38 is generally affixed to a patient 40. The patient 40 is 
generally positioned on a selected platform or operating room (OR) table 42 for 
the procedure. 
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[0046] The tracking element 34 may include any appropriate tracking 
portion, that may depend on the various navigation systems. Various examples 
include a tracking element selected from a group including an electromagnetic 
tracking device, an optical tracking device, a conductive tracking device, a 
fiberoptic tracking device, an acoustic tracking device, and combinations thereof. 
Similarly the detector may be formed to detected any of these tracking elements. 

[0047] According to various embodiments an optical navigation system 
includes the tracking element 34 that may include a selected number of reflectors 
to reflect a light source or a light source, such as light emitting diodes (LEDs). 
The detector 22 is able to detect the light emitted to determine a position of the 
tracking element. In other systems, such as electromagnetic systems, a coil may 
either transmit a field or detect a field to determine a location. The EM systems 
may help eliminate issues such as line of sight, such as when an opaque object 
blocks the path of the light from the tracking element 34. 

[0048] During the procedure, the user 30 may use any appropriate 
input device 44, element such as a foot pedal, to input a selected input into the 
navigation computer 24. In addition, the monitor 28 may include a touch screen, 
or other appropriate mechanisms such as a mouse or computer keyboard as the 
input device 44. Nevertheless, the navigation system 20 is generally able to 
navigate and determine a location of the tracking elements. In addition, an 
implant or secondary dynamic tracking element 46 may also be provided. As 
discussed herein, the implant tracking element 46 may be interconnected to a 
selected implant to determine a location of the selected implant after it is 
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implanted into the patient 40. The implant tracking element 46 may also be used 
to track the implant during any appropriate time such as during implantation, after 
implantation, or even before implantation for various reasons, such as 
determining an appropriate implantation position. 

[0049] Generally, when the detector 22 is an optical detector 22 and 
the navigation system 20 is an optical navigation system, the detector 22 is able 
to optically locate the various tracking elements 34, 38 and 46. The location of 
the tracking elements, may be referenced to any appropriate reference. For 
example, the tracking elements may be referenced to any position within the 
detector space, which is the space that is detectable by the detector 22. In 
addition, the tracking elements 34, 38 and 46 may be referenced to a patient 
space which is defined by the space or area under which the procedure is being 
performed relative to the patient 40. In addition, the detector 22 may detect, and 
the surgical navigation system 20 navigate, the various tracking elements relative 
to images that may be acquired pre-, intra-, or post operatively. Nevertheless, as 
discussed herein, the detector 22 is able to locate the various elements 
according to any appropriate space for navigation by the navigation computer 24 
for selected display on the monitor 28. In addition the navigation computer 24 
may navigate the selected instruments relative to selected points, such as a 
position of an implant, further discussed herein. 

[0050] While the navigation system 20 is used to assemble a construct 
in an imageless manner (i.e., no patient image is acquired before, during or after 
the procedure), an optional image acquisition system 50 may also be used, if 
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desired. The optional imaging device 50 may be used to acquire any appropriate 
pre-operative or real time images of the patient 20. The optional imaging device 
50 may be provided to obtain pre-operative imaging, such as magnetic 
resonance imaging (MRI), fluoroscopic, x-ray, and other appropriate or selected 
images. If pre-operative images are obtained, the pre-operative images may be 
used to plan a selected procedure depending upon the data acquired from the 
pre-operative images. On the day of the procedure, the optional imaging device 
50 may also be used to image the patient 40 for any selected purpose. 

[0051] This image may be used for pre-operative planning, for scaling, 
morphing, translating or merging atlas maps or 3-D models, and to verify that the 
construct has been assembled properly. For example, as discussed herein, the 
atlas map may also be scaled or morphed to the known location, based upon the 
size and orientation of the implant, such as the screw. Generally, the optional 
imaging device 50 may be selected from any appropriate imaging device such as 
a computer aided topography (CT) imaging device or a fluoroscopic x-ray 
imaging device. If the optional imaging device 50 is a CT device, the patient 
generally has a series of CT scans taken on the area of interest for the selected 
procedure. In addition, if the optional imaging device 50 is the fluoroscopic 
device, a plurality or selected number of fluoroscopic x-ray images may also be 
taken. The pre-operative and intra-operative or immediate operative images may 
then be merged or referenced depending upon selected procedures. For 
example, the pre-operative and intra-operative images may include anatomical 
landmarks that may be referenced by the navigation computer 24 and used to 
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merge or register one set of the images with another set of images or to register 
the images to patient space as is known in the art. Various exemplary image 
fusing systems include those set forth in U.S. Patent Application Serial No. 
10/644,680, filed August 20, 2003 entitled "Method and Apparatus for Performing 
2D to 3D Registration", which is incorporated herein by reference. 

[0052] Other various image merging techniques may use fiducial 
markers that may be referenced by both the pre and intra-operative images. In 
this regard, distinct identifiable fiducial markers may be attached to the patient 40 
during the pre-operative scans, such as with the MRI. The fiducial markers are 
generally identifiable in the MRI image dataset by a user or a selected computer. 
The fiducial markers are generally not removed from the patient after the pre- 
operative images are obtained and the data is captured such that they are also 
visible on the later acquired images, such as with the CT or fluoroscopic image. 
By using the various common corresponding points of the two image data sets, 
the pre-operative and the intra-operative datasets can be identified thus allowing 
merging or registration of the images or registration between the images and 
patient space. Other image or merging registration techniques include the use of 
surface contours or anatomical landmarks which can either be manually or 
automatically identified by the processor 24 to provide various merging and 
registration options, as is known in the art. 

[0053] As discussed above, the optional imaging device 50 may 
include a fluoroscopic x-ray imaging device that may be used in a place of other 
approximate imaging devices, such as CT imaging. Similar registration 
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techniques may be used to register the pre-acquired image dataset with the later 
acquired image dataset such as from the fluoroscopic x-ray imaging system and 
with the patient space. The fluoroscopic x-ray imaging device, if used as the 
optional imaging device 50, may include a fluoroscopic device 52, having an x- 
ray source 54, and x-ray receiving section 56, and may include an optional 
calibration and tracking targets and optional radiation sensors, such as those 
known in the art. Also a tracking element 57 may be included on the optional 
imaging device 50, particularly on the receiving section 56. The calibration and 
tracking target generally includes calibration markers 58 (See Figures 2A-2B), 
further discussed herein. Such optional imaging systems may include those 
described in U.S. Patent No. 6,470,207, issued October 22, 2002, entitled 
"Navigational Guidance Via Computer-Assisted Fluoroscopic Imaging" which is 
hereby incorporated by reference. 

[0054] A fluoroscopic device controller 60 captures the x-ray 
images received at the receiving section 56 and stores the images for later use. 
The fluoroscopic device controller 60 may also control the rotation of the 
fluoroscopic device 52. For example, the fluoroscopic device 52 may move in 
the direction of arrow A or rotate about the long axis of the patient 40, allowing 
anterior or lateral views of the patient 40 to be imaged. Each of these 
movements involve rotation about a mechanical axis 62 of the fluoroscopic 
device 52. In this example, the long axis of the patient 40 is substantially in line 
with the mechanical axis 62 of the fluoroscopic device 16. This enables the 
fluoroscopic device 52 to be rotated relative to the patient 40, allowing images of 
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the patient 40 to be taken from multiple directions or about multiple planes. An 
example of a fluoroscopic device x-ray imaging device 50 is the "Series 9600 
Mobile Digital Imaging System," from OEC Medical Systems, Inc., of Salt Lake 
City, Utah. Other exemplary fluoroscopes include bi-plane fluoroscopic systems, 
ceiling fluoroscopic systems, cath-lab fluoroscopic systems, fixed fluoroscopic 
device systems, isocentric fluoroscopic device systems, 3D fluoroscopic 
systems, etc. 

[0055] In operation, the imaging device 50 generates x-rays from 
the x-ray source 54 that propagate through the patient 40 and a calibration 
and/or tracking target 64, into the x-ray receiving section 56. The receiving 
section 56 generates an image representing the intensities of the received x- 
rays. Typically, the receiving section 56 includes an image intensifier that first 
converts the x-rays to visible light and a charge coupled device (CCD) video 
camera that converts the visible light into digital images. Receiving section 56 
may also be a digital device that converts x-rays directly to digital images, thus 
potentially avoiding distortion introduced by first converting to visible light. With 
this type of digital , which is generally a flat panel device, the optional calibration 
and/or tracking target 64 and the calibration process discussed below may be 
eliminated. Also, the calibration process may be eliminated or not used 
depending on the type of therapy performed. Alternatively, the imaging device 
50 may only take a single image with the calibration and tracking target 64 in 
place. Thereafter, the calibration and tracking target 64 may be removed from 
the line-of-sight of the imaging device 50. Again, it should be noted that the 



19 



Attorney Docket No. 5074A-000067 
Medtronic Ref. PC970.00 

imaging device 50 is optional and may be utilized during the selected procedure, 
such as an implantation procedure, to merely confirm that the instrument has hit 
the desired target or that the construct has been assembled properly. 

[0056] Two dimensional fluoroscopic images taken by the imaging 
device 50 are captured and stored in the fluoroscopic device controller 60 and/or 
directly within the various navigation or viewing systems. Multiple two- 
dimensional images taken by the imaging device 50 may also be captured and 
assembled to provide a larger view or image of a whole region of a patient 40, as 
opposed to being directed to only a smaller portion or region of the patient 40. 
For example, multiple image data of the patient's spine may be appended 
together to provide a full view or complete set of image data of the spine that 
may be used at a selected time. These images are then forwarded from the 
fluoroscopic device controller 60 to the controller, navigation computer or work 
station 24 having the display 28 and the user interface 44. As an example, the 
navigation computer 24 assembles the various images, but this may also be 
performed by the controller 60. The data set may be communicated over line 66 
that may be a hard line or a wireless communication system. The work station 
24 provides facilities for displaying on the display 28, saving, digitally 
manipulating, or printing a hard copy of the received images from both the 
imaging device 50 and from pre-operative scans, such as the preoperative MRI 
scans as discussed herein. 

[0057] The user interface 44, as discussed above, may be a 
keyboard, mouse, touch pen, touch screen or other suitable device that allows a 
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physician or user to provide inputs to control the imaging device 50, via the 
fluoroscopic device controller 60, or adjust the display settings of the display 28. 
The work station 24 may also direct the fluoroscopic device controller 60 to 
adjust the rotational axis 62 of the fluoroscopic device 52 to obtain various two- 
dimensional images along different planes in order to generate representative 
two-dimensional and three-dimensional images. When the x-ray source 54 
generates the x-rays that propagate to the x-ray receiving section 56, the 
radiation sensors sense the presence of radiation, which is forwarded to the 
fluoroscopic device controller 60, to identify whether or not the imaging device 50 
is actively imaging. Alternatively, a person or physician may manually indicate 
when the imaging device 50 is actively imaging or this function can be built into 
the x-ray source 54, x-ray receiving section 56, or the control computer 60. 

[0058] Fluoroscopic imaging devices 50 that do not include a digital 
receiving section 56 generally require the optional calibration and/or tracking 
target 64. This is because the raw images generated by the receiving section 56 
tend to suffer from undesirable distortion caused by a number of factors, 
including inherent image distortion in the image intensifier and external 
electromagnetic fields. An empty undistorted or ideal image and an empty 
distorted image are shown in Figures 2A and 2B, respectively. The 
checkerboard shape, shown in Figure 2A, represents the ideal image 64 of the 
checkerboard arranged calibration markers 58. The image taken by the 
receiving section 56, however, can suffer from distortion, as illustrated by the 
distorted calibration marker image 70, shown in Figure 2B. 
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[0059] Intrinsic calibration, which is the process of correcting image 
distortion in a received image and establishing the projective transformation for 
that image, involves placing the calibration markers 58 in the path of the x-ray, 
where the calibration markers 58 are opaque or semi-opaque to the x-rays. The 
calibration markers 58 are rigidly arranged in pre-determined patterns in one or 
more planes in the path of the x-rays and are visible in the recorded images. 
Because the true relative position of the calibration markers 58 in the recorded 
images are known, the c fluoroscopic device controller 60 or the work station or 
computer 24 is able to calculate an amount of distortion at each pixel in the 
image (where a pixel is a single point in the image). Accordingly, the computer 
or work station 24 can digitally compensate for the distortion in the image and 
generate a distortion-free or at least a distortion improved image 64 (see Figure 
2a). 

[0060] A more detailed explanation of exemplary methods for 
performing intrinsic calibration are described in the references: B. Schuele, et 
al., "Correction of Image Intensifier Distortion for Three-Dimensional 
Reconstruction," presented at SPIE Medical Imaging, San Diego, California, 
1995; G. Champleboux, et al., "Accurate Calibration of Cameras and Range 
Imaging Sensors: the NPBS Method," Proceedings of the IEEE International 
Conference on Robotics and Automation, Nice, France, May, 1992; and U.S. 
Patent No. 6,118,845, entitled "System And Methods For The Reduction And 
Elimination Of Image Artifacts In The Calibration Of X-Ray Imagers," issued 
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September 12, 2000, the contents of which are each hereby incorporated by 
reference. 

[0061] While a fluoroscopic imaging device 50 is shown in Figure 1 , 
any other alternative 2D, 3D or 4D imaging modality, as already discussed 
herein, may also be used for preoperative, intraoperative, and postoperative 
imaging. For example, any 2D, 3D or 4D imaging device, such as fluoroscopic, 
fluoroscopic isocentric, bi-plane fluoroscopy, ultrasound, computed tomography 
(CT), multi-slice computed tomography (MSCT), magnetic resonance imaging 
(MRI), high frequency ultrasound (HIFU), positron emission tomography (PET), 
optical coherence tomography (OCT), intra-vascular ultrasound (IVUS), 
ultrasound, intra-operative CT or MRI may also be used to acquire 2D, 3D or 4D 
pre-operative or real-time images or image data of the patient 40, further 
discussed herein. The images may also be obtained and displayed in two, three 
or four dimensions. In more advanced forms, four-dimensional surface rendering 
of the body may also be achieved by incorporating data from an atlas map or 
from pre-operative image data captured by MRI, CT, MSCT, HIFU, OCT, PET, 
etc. A more detailed discussion on optical coherence tomography (OCT), is set 
forth in U.S. Patent No. 5,740,808, issued April 21, 1998, entitled "Systems And 
Methods For Guilding Diagnostic Or Therapeutic Devices In Interior Tissue 
Regions" which is hereby incorporated by reference. 

[0062] Regarding the use of atlas mapping, atlas maps may be 
utilized during the preplanning stage to locate target sites within the spine, or 
other selected anatomical region, of the patient 40. In this regard, known 
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anatomical atlas maps may be used and scaled to the particular patient 40 or 
patient specific atlas maps may also be utilized that are updated over time. In 
this regard, over multiple procedures, enhancements and refinements in the 
location of certain desired sites within the anatomy may be updated as these 
procedures are performed, thus providing an atlas map that is updated with each 
surgical procedure to provide more precise mapping by performing more 
procedures and gathering additional data. These atlas or patient specific atlas 
maps may then be superimposed onto optional preacquired images to identify 
relevant locations of interest. Alternatively, only the atlas models may be used to 
provide a true imageless system with the advantage of providing the surgeon an 
anatomical reference during the procedure and without the need to capture 
images of the patient, further discussed herein 

[0063] Image datasets from hybrid modalities, such as positron 
emission tomography (PET) combined with CT, or single photon emission 
computer tomography (SPECT) combined with CT, may also provide functional 
image data superimposed onto anatomical data to be used to confidently reach 
target sights within the areas of interest. It should further be noted that the 
fluoroscopic imaging device 50, as shown in Figure 1, provides a virtual bi-plane 
image using a single-head C-arm fluoroscope 50 by simply rotating the C-arm 52 
about at least two planes, which could be orthogonal planes to generate two- 
dimensional images that can be converted to three-dimensional volumetric 
images. By acquiring images in more than one plane, an icon representing the 
location of an instrument or lead, introduced and advanced in the patient 40, may 
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be superimposed in more than one view on display 28 allowing simulated bi- 
plane or even multi-plane views, including two and three-dimensional views, if 
desired. 

[0064] With reference to Figure 3A and additional reference to 
Figure 1, a construct 80 that may be implanted in an imageless manner in a 
spine to rigidly fix relative vertebrae is shown. The construct 80 generally 
includes a plurality of first members or pedicle screws 82 that may be implanted 
into a selected vertebrae as is known in the art. The screw 82 generally includes 
a head portion 84 and a threaded portion 86. The threaded portion 86 is 
generally adapted to threadably engage a selected boney portion and be held 
therein. The head portion 84 is formed to removably receive a localization 
element, further described herein and may also be formed to operably engage a 
connector 88. In this regard the screw 82 includes or defines a slot 90 that is 
operable to slidably receive the connector 88. Also, the head portion 84 may be 
moveable or pivotable relative to the threaded portion 86. Thus, the screw 82 
may also be a multi-axis screw. The screw 82 may also define a cannular 91 
through the screw. Therefore, the screw 82 may be positioned over a guide wire 
or K-wire that has fitted into a selected position, such as pedicle to assist in 
positioning the screw 82 thereto. Nevertheless, the screw 82 need not be 
cannulated and need not include the cannular 91, therefore, the cannular 91 is 
optional. 

[0065] The connector 88 is selected from a plurality of connectors 
having various characteristics, for example a first connector 92, a second 
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connector 94, and a third connector 96. The first connector 92 include a radius 
or arc B of any appropriate size. In addition, the connector 92 includes a 
selected length, which also may be varied or numerous. Likewise, the second 
connector 94 defines a second arc C while the third connector 96 defines a third 
arc D. Each of the connectors, 92, 94, 96 may define different or same arcs or 
radii. In addition, each may define a substantially equal length or different 
lengths and may be provided as a kit with or without the screw 82. Nevertheless, 
the connector 88 in conjunction with the screws 82 form the construct elements 
from which the construct 80 may form a spinal implant. It will be understood that 
the type and number of elements is merely exemplary and any appropriate 
members may be used to form the construct 80. 

[0066] In addition, the connectors 88 may or may not be rigid members 
that rigidly interconnect the screws 82. Regardless, the connector 88 may be 
selectable in size, shape, orientation, arc, length, and any other appropriate 
dimension relative to a selected procedure. Also, the connector 88 may be a 
substantially drivable or steerable element 98. With reference to Figure 3B, 
steerable element 98 includes a cover or balloon 100 that may be filled with a 
selected compound, such as a carbon or bone matrix that may set to form a 
substantially rigid rod. The steerable connector 98 may also include a 
substantially steerable or guidable portion 102 that allows the steerable 
connector 98 to be moved between relative directions. The guidable portion 102 
may be selected from but not intended to be a limiting example, from a guided 
stylet or K-wire that is used to position the balloon 1 00 in the selected position. 
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The steering member 102 may steer the steerable connector 98 as an assembly 
and once positioned in the selected position the hardenable or curable material 
may be used to fill the balloon 100 and allowed to cure to form a substantially 
rigid connector. Therefore, the connector 88 need not be predetermined, but 
may be selected during the procedure. Also, the connector 88 need not be rigid 
nor include a balloon to be filled with a matrix, but may be at least partially 
deformable such that it may be placed under tension. For example, the 
connector 88 may be formed as a cord or cable that includes a selected stiffness 
but may be deflected to provide a selected tension to a selected component, 
such as an anatomical portion. As described herein, the connector may be 
navigated to a selected location. Therefore, the connector 88 may also include a 
tracking element to be detected by the detector 22. 

[0067] With continuing reference to Figure 3A and additional reference 
to Figures 4A through 4C, a localization member may be any appropriate 
localization member, for example a first localization member 104, a second 
localization member 106, and a third localization member 108. Each localization 
member includes a tracking element 110, 112, and 114, respectively. Each of 
the tracking elements 1 10, 1 12, and 1 14 may be detected by the optical detector 
22, as described herein. In addition, each of the localization members 104, 106 
and 108 may include a cannula 104', 106' and 108', respectively. The cannula 
104', 106' and 108' may generally be substantially aligned with the cannula 91 
formed in the screw 82,Jf one is provided. In addition, each of the localization 
elements 104, 106, and 108 need not be cannulated and are only optionally 
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cannulated to assist in positioning the localization elements 104, 106, and 108 
relative to the respective screw 82 and over a guide wire, if used. 

[0068] With reference to Figure 4A, the localizer 104 includes the 
tracking element 110 that is operably affixed to an extender or positioning 
element 116. The extender 116 generally interconnects with the screw 82 
through any appropriate means. For example, the extender 116 may include a 
depressible member 118 that operates an internal mechanism to engage and 
disengage the head 84 of the screw 82. Therefore, the extender 116 may be 
quickly engaged and disengaged percutaneously from the screw 82 at a selected 
time. 

[0069] Also, the extender 116 may be keyed relative to a selected 
shape of the head 84 of the screw 82 or may simply be positioned on the screw 
82 to provide a position thereof. If the extender 116 is generally keyed to a 
position of the screw 82 or a portion of the screw 82, the localization unit 104, or 
any of the localization elements, may substantially only engage the screw 82 in 
one selected position and may be used to determine a position, an orientation, 
and rotational (i.e., six degree of freedom) information. This may assist in 
determining an orientation of the threaded portion 86 relative to the head 84 
when the head 84 is moveable relative to the threaded portion 86. Otherwise, 
the localization units, 104, 106, and 108 may be selected to provide only a three- 
dimensional location, generally including the coordinates X, Y and Z, and 
rotational position of the screw. Generally, the localization units, 104, 106, and 
108 are able to determine the center of rotation of the screw such that the known 
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position of the tracking element 110 may allow for a determination of the 
orientation of the screw. 

[0070] Alternatively, a multi access screw may include a head or a 
portion of the head 84 that may be moved randomly relative to a threaded portion 
or a body 86 of the screw 82. Therefore, rather than having an extender that is 
keyed to a specific or selected screw, the extender may operably engage the 
multi access screw to fix the head in a selected position. Therefore, the extender 
may engage the multi-access screw in a generally known manner to fix the screw 
in a selected orientation. The extender engages the screw and holds it in the 
selected orientation such that the orientation of the screw is known due to the 
attachment of the extender. This allows a determination of an orientation of the 
screw because the extender has locked the screw in the selected position. 

[0071] The extender 116 includes a known length or dimension. 
Similarly, the position of a plurality of tracking points 120 and 122 and 124 are 
generally known relative to the dimension of the extension 116. Therefore, the 
detector 22 may detect the tracking points 120, 122, 124 and determine the 
position of the screw 82 using the information, such as length of the extender 1 16 
stored in the computer 24. Again, the tracking points 120, 122, 124 may be 
LEDs or reflectors for the optical detector 22, as is known in the art. In the 
alternative, when the navigation system is an electromagnetic type of system EM 
coils may be used. In addition, the screw 82 may internally include the selected 
tracking points, such as EM coils. Therefore, the screws 82 may be detected 
without attaching the localization element 104 to the screw. It will be understood 
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that any appropriate number of screws may use EM coils as the tracking device 
or localization elements, thus the localization elements 104, 106, and 108 may 
not be necessary. 

[0072] With reference to Figure 4B, the second localization unit 106 
may include an extender 126 that includes a second selected length. Attached to 
the extender 1 26 is a tracking element 1 1 2 that includes three different tracking 
points 128, 130 and 132. Again, the extender 126 is generally interconnected 
with a screw 82 at a selected time. Again, quick release or attachment levers 
134 allow for easy and selectable connection to the screw 82. Again, the 
extender 1 26 may be keyed or simply connectable to the head 84 of the screw 
82. In addition, the third localization element 108, with reference to Figure 4C, 
includes an extender 136 may include a tracking element 114 that includes 
tracking points 138, 140, 142. Again, detachable levers may be provided to 
interconnect the extender 136 with the screw 82. Also, the extender 136 may 
include a length different from the extenders 116, 126 and the tracking element 
114 may include dimensions or shapes different from the tracking elements 110 
and 112. 

[0073] The navigation computer 24 generally includes a database of 
the distinct shape of each of the various localization elements 104, 106, and 108 
that may be provided for use with the construct 80. Therefore, the extender 1 1 6 
may be chosen and the use of the extender 116 is selected on the navigation 
computer 24. In addition, the position of the extender 116 is also noted by the 
tracking computer 24, generally through an input provided by a user, which may 
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be the physician or an assistant to the physician, such that the detector 22 is able 
to detect the tracking element 110 and the detector 22 is able to transmit the 
location of the tracking element 110 to the computer 24. The computer 24 is 
then able to determine the position of the screw head 84 due to the known length 
of the extender 116, the orientation and size of the tracking element 110, and 
therefore display on the monitor 28 an icon representing the position of the screw 
82. 

[0074] Similarly, if the extenders 126 and 136 are used, the pre-known 
or pre-programmed sizes, orientation, and dimensions of the extenders 126, 136 
and the relative tracking elements 112, and 114 are also known such that there 
inputted attachments to a selected screw can be used by the computer 24 to 
display on the monitor 28 the position of the other screws 82. It will also be 
understood that a plurality of each of the localization elements 104, 106, and 108 
may be used in a selected procedure and programmed into the computer 24 
such that the computer 24 is able to know the distinct location of each. 

[0075] In addition, the various configurations of the tracking elements 
110, 112, 114 may be used by the computer 24 to identify each of the respective 
localization elements, 104, 106, and 108. Therefore, the tracking element 110 
may include a geometry different from that of the tracking element 112 such that 
the computer 24 is able to distinguish the location of each of the localization 
elements 104, 106, 108. The computer 24 may be preprogrammed with the size 
of each of the specific localization units 104, 106, 108 depending upon the 
geometry of the tracking elements such that the computer 24 is able to determine 
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the presence of any of the programmed localization elements 104, 106, 108 and 
determine the position of the screw 82 relative thereto. It will be understood that 
although the tracking element 110, 112, 1 14 is displaced from the screw 82, the 
position of the screw 82 is known because the extension portion 116, 126, 136 is 
substantially rigid and does not change over the course of the procedure. 

[0076] As noted above an EM based navigation system may also be 
used as opposed to an optical based system. In an exemplary EM based system 
coils may be positioned in the implanted elements, such as a pedicle screw. The 
coils embedded in the screw can then be detected, by transmitting or detecting 
an EM field, to determine the location of the screw. Therefore, although the 
following discussion relates to the use of an optical system it will be understood 
that an EM navigation system, or any appropriate navigation system, may be 
used. 

[0077] Reference to the dynamic reference frame 38 if selected, or 
reference to the tracking element of any of the selected localization members 
104, 106, 108, may be used by the navigational computer 24 to determine the 
location of the instrument 36 or any selected element relative to the selected 
reference. Therefore, any selected reference point may be used to navigate the 
instrument 36 or any appropriate selected member, such as the connector 88. 
Although the following discussion relates to referencing a selected implant and 
the localization member affixed thereto, it will understood that reference may be 
made to any selected tracking element or selected portion. 
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[0078] With reference to Figure 5, the instrument 36 may be any 
appropriate instrument, such as an instrument that is operable to engage one of 
the connectors 88, such as the connector 92. The instrument 36 also includes 
the tracking element 34, which includes a plurality of tracking points, such as 
tracking points 146, 148, 150, and 152. The tracking element 34 is detectable by 
the detector 22 so that the navigation computer 24 is able to determine the 
location of the instrument 36 and hence the location of the connector 92. 

[0079] The instrument 36 engages the connector rod 92, such that the 
instrument 36 is able to move the distal end 92a of the connector 92 in a selected 
manner. A proximal end 92b of the connector 92 is removably engaged to a 
portion of the instrument 36. The connection between the rod 92 and the 
instrument 36 may be any appropriate connection. Nevertheless, the instrument 
36 may be used to move the rod 92 during the procedure. 

[0080] The location of the distal end 92a may be determined by the 
location of the instrument 36 because the rod 92 is generally rigid. Therefore, 
the position of the rod 92, and particularly, the position of the distal tip 92a may 
be determined relative to the tracking element 34, such that movement of the 
distal tip 92a can be determined by a movement or location of the tracking 
element 34. 

[0081] Nevertheless, as discussed above, the connector 88 need not 
necessarily be a rigid connector. When the connector 88 is substantially not a 
rigid connector, a different tracking element may be positioned relative to the 
connector 88. For example, the connector 88 may include an EM coil or multiple 
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coils that are able to be tracked by the tracking apparatus 20 if the tracking 
apparatus includes an EM tracking system. Therefore, the connector 88 may be 
tracked using the EM sensor coils to determine the position of the connector 88. 
Alternatively, the connector 88 may be generally steerable such that a user may 
steer the connector 88 along a selected path. In this instance, the computer may 
be able to inputted with the distance the connector 88 has traveled, the number 
of turns, the severity of the turns, the distance traveled along a selected turn, 
such that a distal end point of the connector 88 may be determined knowing each 
of these known distances and turns. Again, it will be understood that these are 
merely exemplary of different ways of tracking the connector element 88 during a 
procedure. Therefore, it will be understood that the present disclosure and the 
appended claims are not so limited by such examples. 

[0082] Various instruments and apparatii have been above disclosed. 
Generally, the localization system or navigation system 20 is able to localize the 
construct portions 80 implanted in an anatomy and also able to determine the 
location and assist in navigation of the connector 88 during an imageless 
procedure. Although the instrument 36, the construct portions 80, and the 
localization and navigation apparatii 20 may differ, a method of using the various 
elements will now be described. 

[0083] With reference to Figure 6, a general method for performing a 
imageless procedure to implant a construct is illustrated in the flow chart 146. 
The method or program 146 generally begins at a start block 148. At the 
beginning of the procedure, a first member of the construct is implanted in block 



34 



Attorney Docket No. 5074A-000067 
Medtronic Ref. PC970.00 

150. As discussed below, the first member may include a first pedicle screw that 
may or may not be cannulated. Next, the position of the first member is 
determined in block 152. As discussed above, and further herein, the localization 
element 104 may be used to determine the first position. Nevertheless, and as 
discussed further herein, various other techniques may be used to determine the 
position of the first member. For example, the instrument 36 may also be a 
probe that may simply contact the screw to identify the corresponding location. 
After the position of the first member is determined, the position may be saved in 
block 154. Generally, the position of the first member is saved in block 154 and 
can be used as the reference for determining relative locations of other 
members, after the implant. Again, the position may include x, y, z positions 
and/or orientations. 

[0084] After the position of the first member is saved in block 154, an 
optional determination of a coordinate system may be determined in block 155. 
Although the determination of the coordinate system may occur after saving the 
position of the first member in block 154, the determination of the coordinate 
system may occur at any time. For example, a coordinate system relative to the 
user 30, the patient 40 or any appropriate coordinate system may be determined. 
This determination may occur before positioning the first member or after 
positioning any appropriate number of members. Generally the coordinate 
system assists the user 30 in determining an orientation of the members relative 
to the patient 40. Also, the coordinate system may assist in orienting an atlas or 
3-D model on the display 28 relative to the members of the construct, as 
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illustrated herein. The coordinate system, therefore, may include any appropriate 
number of coordinates, such as X, Y or X, Y, Z. 

[0085] Generally, the coordinate system may be determined by 
sensing a location of a position of the patient 40 relative to the first implant. As 
described herein, this may be done by determining a position of the first member 
in block 152 or may be done as a separate step. For example, the user may 
touch a relative superior portion of the patient 40 and input the position into the 
navigation computer 24 followed by touching a relative inferior, lateral, medial, or 
any appropriate position. Alternatively, the coordinate system may be 
determined by contacting several portions of the anatomy of interest (i.e., 
vertebra) and using surface recognition software to identify the orientation of the 
region of interest. The coordinate system may be determined in block 155 in any 
appropriate manner. In addition, as discussed herein, the coordinate system 
may also be fine tuned or determined when determining a location of the 
selected soft tissue in block 180. Nevertheless, it will be understood that 
determining coordinate system is not necessary to the method 146 and is merely 
optional. 

[0086] As discussed above, the field reference or dynamic reference 
frame 38 may be positioned to determine the relative location of all elements 
relative to the dynamic reference frame 38. The dynamic reference frame 38 
may be used for procedures where the patient may move during the procedure, 
in such a situation use of the dynamic reference frame 38 may increase 
accuracy. For lower spinal fusion, however, movement of the patient is at best 
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minimal and the dynamic reference frame 38 is generally not required. 
Nevertheless, in addition to and alternative to the field localizer 38, the position of 
the first member may be saved as a "true" location or reference. This may be 
especially the case when the position into which the first member is fixed is 
substantially immobile. Therefore, all other points that are formed relative to the 
position of the first member can be known relative to the position of the first 
member and various determinations may be based thereupon. In addition the 
construct may be assembled only knowing the relative location of the implanted 
members. In this case the navigation computer may determine the location of 
each element in real time. 

[0087] With continuing reference to Figure 6 and the method of 146, 
placing a second member of the construct is performed in block 156. As 
discussed above, the second member may include a second pedicle screw 
positioned in a vertebra. After the second member is positioned, determining the 
position of the second member is performed in block 158. Also as discussed 
above, determining the position of the second member may include positioning 
the second localization element 106 relative to the second member. 
Nevertheless, also as discussed above, various other techniques may be used 
for determining the position of the second member or the first member as 
discussed in block 152. Nevertheless, the position of the second member may 
be determined through any appropriate method. For example a navigable needle 
may be used to touch or indicate a location of the second member. The position 
of the second member relative to the first member is saved in block 160. 
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[0088] The position of the second member may also be a "true" 
position. That is, both the position of the first member and the position of the 
second member may be generally determined and known by the computer 24. In 
this case a localization element would be attached to each member during the 
procedure and would be essentially act as a dynamic reference frame for each 
member. Generally, the positions of the first member and the second member 
saved in blocks 154 and 160 respectively, are saved in the navigation computer 
24 for display on the monitor 28. In addition, the navigation computer 24 is able 
to use these locations for various other portions of the procedure. 

[0089] After the position of the first member and the second member 
are saved, the computer 24 may assist or be used to determine placement of 
various other elements of the construct. An alignment of the anatomy, relative to 
the construct and to be formed by the construct, can be selected in the first plane 
in block 162. Similarly, an alignment in the second plane may be selected in 
block 164, again for use with or to be formed by the construct. The alignment in 
both the first and the second planes are selected in blocks 162 and 164, 
respectively, may also be suggested by the computer 24. These planes are 
generally positioned orthogonal to one another, but may be positioned at any 
appropriate angle relative to one another. 

[0090] The computer 24 may suggest an alignment to be produced in 
the anatomy based upon generally known portions of the construct, as described 
herein. For example, as described above, the construct may include a plurality of 
connectors 88 each including a different characteristic. Therefore, the computer 
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24 may assist in suggesting a position of a third member to assist in forming an 
alignment that would allow for implantation of a selected or known connector. In 
addition, it will be understood, that any number of planes or alignments may be 
suggested or selected. Simply the inclusion of two planes for selection is for 
clarity of the following discussion, but will be understood that any appropriate 
alignment, even outside of a selected plane, may be determined and selected. 

[0091] After the selected alignments are chosen in blocks 162 and 164, 
a location of a third member may be determined in block 166. Generally, the 
location of the third member determined in block 166 may allow for achieving the 
selected alignments in the first plane and second planes selected in blocks 162 
and 164. Again a user or the computer 24 may select the location of the third 
member to achieve the selected alignment. 

[0092] Real time navigation may be provided for positioning the third 
member in the determined location in block 168. Although various techniques 
may be used for providing the real time navigation, a navigated needle or probe 
236 or 246 (Figures 9B and 11 A) may be used to ensure that a selected 
trajectory, to achieve the determined location of the third member in block 166 is 
assured. In addition, the navigated needle may act as a guiding member such 
that the screw may be guided into the anatomy using the navigated needle to 
achieve the determined location in block 1 66. 

[0093] During the positioning of the third member, the third member 
can be guided to align the third member according to a characteristic of a fourth 
member. For example, as discussed herein, if the third member is a screw, the 



39 



Attorney Docket No. 5074A-000067 
Medtronic Ref. PC970.00 

third screw may be positioned distally and proximally to ensure that the fourth 
member, that may include the connector 88, may be positioned relative to each 
of the three members in a selected orientation. 

[0094] An indication of the length and other characteristics, such as the 
radius, of a fourth member may be indicated in block 172. The indication may 
occur at any appropriate time, such as once the third member has been 
positioned and guided to ensure that the appropriate orientation and location is 
achieved, That is, the position of each of the three members is known such that 
a length between the three members and a radius achievable with the positioned 
members, or other characteristics defined by the three members, may be known 
and displayed on the monitor 28. 

[0095] The user may select a fourth member based upon the shown 
characteristic. The determination of the fourth member is generally achieved by 
positioning the third member in a selected location. Nevertheless, it will be 
understood that any appropriate number of members may be provided. The 
positioning of generally three members and the interconnection of the three 
members with the fourth member is simply exemplary. For example, only two 
members may be positioned and a third member interconnect those two 
members. Alternatively, any number of members may be fixed in a selected 
portion of the anatomy and a connector used to interconnect each of the plurality 
of members. Therefore, only providing three members and interconnecting them 
with the fourth member is not intended to limit the disclosure or the scope of the 
appended claims. 
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[0096] After the appropriate fourth member characteristic or fourth 
member has been chosen, the user may accept the plan including the choice of 
the fourth member. The user may Decline in block 176 the plan as outlined in 
block 174. In this case, the position of the third member can be further guided in 
block 170. The guiding and the positioning of the third member may require 
movement of the third member such that a different location may be achieved. 
This different location may then be used to determine a new appropriate 
characteristic for the fourth member in block 172 in providing a new plan outlined 
in block 174. Once the user agrees with the plan as determined in block 174, the 
user may Accept in block 178 the plan outlined in block 174. After the plan is 
accepted, other points for navigation may be determined to assist in the 
navigation of the procedure or the procedure may proceed only using those 
points already determined and the information generally available to the user. 

[0097] After accepting the plan various other characteristics, relative to 
the anatomy, for implantation may be determined. For example, a location of the 
soft tissue surrounding the implantation site may be determined in block 180 and 
a location of entry may be determined in block 182. Although it will be 
understood that the determination of a location or contour of the soft tissue in 
block 180 and the location of an entry point termination in block 182 is not 
necessary, such determinations may be useful in the implantation procedure. 

[0098] Determining a location of the soft tissue relative to the 
implantation area may include dragging an instrument over a surface or 
determining a plurality of points of a surface of the soft tissue surrounding the 
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implant area, such as the spine, relative to the first, second, and third members, 
using a selected probe. In an example, the probe 246 (Figure 11 A) may be 
interconnected with the navigation computer 24 or may be detected with a 
detector 22 such that a contour of the soft tissue relative to the implantation area 
of the first, second, and third members may be determined. The contour 
determination may be performed by providing a probe that may be touched to the 
skins surface in a plurality of points to determine a contour of the soft tissue. 
Once the contour of the soft tissue is determined, a specific location for entry of 
the fourth member may be determined and selected in block 182. 

[0099] The contour of the soft tissue may be determined such that the 
navigation computer 24 may assist in selecting an entry point for the fourth 
member to assist in implanting the fourth member relative to the first, second, 
and third members, or any appropriate number of members. As described 
herein, this may assist the user in insuring a substantially easy implantation in 
alignment of the first, second, and third members during the implantation of the 
fourth member. 

[00100] Also, the location of other appropriate soft tissues, such as 
tendons or ligaments, may be known and used to assist in providing information 
to the navigation computer to balance the sheer forces of the construct relative to 
the soft tissue after the implantation of the construct. Therefore, the navigation 
computer 24, or a user, may determine or input a location of the soft tissue, 
position of the soft tissue, or position of a soft tissue implant, to provide a 
selected tension, stress, or other forces, on the construct. For example, it may 



42 



Attorney Docket No. 5074A-000067 
Medtronic Ref. PC970.00 

be desirable to balance the forces among each of the portions of the construct, 
and positioning soft tissue or knowing the position of the soft tissue may assist in 
such balancing. 

[00101] Because of the determination of the location of the selected soft 
tissue in block 180 and the determination of a location of entry in block 182 is not 
necessary these blocks may simply be skipped and after accepting the plan in 
block 178, the fourth member may be attached to a selected instrument in block 
1 84. Alternatively, the selected member may be attached to the instrument after 
or relative to determining location of the soft tissue in block 180 and determining 
a location of entry in block 182. Nevertheless, the fourth member, which may 
include the connector 88, is generally affixed to the instrument, as illustrated in 
Figure 5. 

[00102] The instrument 36 may be any appropriate instrument and is 
generally illustrated to be a clamp member that may selectively engage the 
connector 92 for the procedure. Calibration and verification may occur of the 
fourth member relative to the instrument in block 186. This allows the navigation 
computer 24 to be able to verify or determine a position of the connector, such as 
the distal end 92a, relative to movement of the instrument 36. Once the 
calibration and determination is completed, the navigation computer 24 may use 
the information provided by the detector 22 to determine position of the end distal 
portion 92a or the connector 92 due to movements of the instrument 36 in the 
interconnected location elements 230. 
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[00103] Once the calibration and verification of the fourth member 
relative to the instrument is performed in block 186 the tip, such as the distal end 
92a of the connector 92, can be localized in block 188. Generally, the position of 
the tip may be localized relative to a selected path of the fourth member. This 
may be done in any appropriate manner, such as that described herein, but 
generally may be schematically indicated as a crosshair on the monitor 28 
relative to a selected path which may be illustrated as a circle. 

[00104] Once the tip of the fourth member has been localized in block 
188 movement of the fourth member may be tracked and guided in block 190 
relative to the plan determined in block 174 and accepted in block 178. 
Generally, although various techniques and illustrations may be used, the 
movement of the fourth member may be tracked due to the fixation of the fourth 
member relative to the instrument 36 which includes the localization element 230 
such that the movement of the instrument 36 may be used to determine a 
position of the fourth member. The movement of the fourth member may 
therefore be illustrated as the movement of a crosshair on the monitor 28 and 
illustrated relative to a circle which may dynamically indicate the planned position 
of the tip of the fourth member relative to the actual position of the tip of the 
fourth member. 

[00105] As the fourth member is moved relative to the first, second, and 
third members, such as during the implantation procedure, a real-time indication 
of the progress of the fourth member relative to the plan may be illustrated in 
block 192. In this way, a user may determine the progress of the fourth member 
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to understand the position of the fourth member relative to the first, second, and 
the third members and other portions of the anatomy. In addition, the indication 
of the progress may illustrate the position of the member relative to the anatomy 
to allow for any adjustment that may be necessary due to selected anatomical 
portions, peculiarities of the anatomy, the particular area into which the fourth 
member is being moved, or other various considerations. In addition, the 
progress of the fourth member may be used to determine an end point to the 
fourth member has reached a selected point in block 194. 

[00106] Generally, the tip of the fourth member, including the distal end 
92a, may selectively reach the second member, which may be an end point of 
the implantation procedure. Nevertheless, the determination of the fourth 
member reaching the selected point may indicate that the procedure has 
achieved a selected result and the procedure may generally end in block 196. 
Although it will be understood that a surgical procedure may not simply be 
completed with the implantation of a fourth member, and it may include various 
other procedures such as stitches to close any incisions, the application of 
various medications and antibiotics, or other appropriate applications, the 
navigation of the fourth element to the selected end point may generally end the 
navigation procedure. 

[00107] It will also be understood that the method 146 need not simply 
be limited to the navigation of the construct 80 relative to a selected anatomy. 
For example, a construct such as a multi-element acetabular implant, femoral 
implant, humeral implants, tibial implant, bone plate, combinations thereof, or any 
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appropriate implant may be guided using the method 146. Generally, any 
selected first member may be implanted and a second member may be 
imagelessly guided relative to the other members to achieve a selected result. 

[00108] In addition, it will be understood that the method 146 need not 
necessarily be limited to use for implantation relative to an anatomy. For 
example, the method 146 may be used to position a member in any visually 
restrictive location, such as building a wing element of an airplane, an internal 
engine, or any position which may limit the optical visualization by a user of the 
location of a selected member. In addition, the method 146 may be used to 
position a first member relative to a second member from locations that are 
known due to pre-saved or detected location such that members may be moved 
relative to one another. 

[00109] As an exemplary use of the method 146 for implanting a 
construct, such as a spinal implant, is included in the following description but is 
intended only to be an exemplary use of the method 146. Therefore, it will be 
understood that the method 146 may be used to implant any appropriate implant, 
but may also be used to implant the construct 80. 

[00110] Also, as discussed herein, the procedure is performed 
substantially without capturing patient images, regardless of when acquired, with 
any imaging device, such as the optional imaging device 50. The navigation 
system 20 may navigate the various portions, including the instrument 36, 
relative to known points, such as the position of the first screw 206 or the 
dynamic reference frame 38. Generally, the positions of these would be shown 
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as icons alone on the display 28. Nevertheless, an unmorphed atlas map of the 
spine, or any other appropriate portion, may also be superimposed over the icons 
or vice versa of the implanted portions for any appropriate reason. Regardless of 
the icons on the display 28, registration of images is not required for appropriate 
performance of the procedure. As discussed herein, patient images may be 
acquired for confirmation of the proper placement of the construct, or any other 
appropriate reason, but images of the patient, such as those that may be 
acquired with the optional imaging system 50, are not required. 

[00111] With reference to Figure 7A, an exemplary construct 80 may be 
implanted relative to a selected portion of a spine 200 using the method of Figure 
6. The spine 200 is generally surrounded by soft tissue, such as a dermis 202 
and other muscles and tendons, not particularly illustrated. Nevertheless, it will 
be understood that an incision 204 is generally formed through the soft tissue, 
including the dermis 202 to obtain percutaneous and/or minimally invasive 
access to the spine 200. That is the procedure is generally not open and 
includes little or no direct viewing of the spine. This allows the procedure to be 
minimally invasive and/or percutaneous to reduce stress to the patient and 
healing time. The following description may reference the method 146 illustrated 
in Figure 6 generally and specifically to the processes occurring for the 
exemplary implant of the construct 80. 

[00112] It will be understood that the following method may be used in 
conjunction with a patient image of the spine, such as one acquired with the 
optional imaging system 50, to be performed with images. Nevertheless, it will 
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be understood that the process and the method is generally performed without 
use of any anatomical patient images such that the method may be performed 
substantially imageless or simply include an atlas model. As exemplary 
illustrated herein, the monitor 28 may display a patient image, that may be 
preacquired or acquired intraoperatively. Similarly, an atlas model may be 
displayed on the monitor 28 that may be morphed relative to known sizes and 
orientations of the spine 200 on which the procedure is performed. Typically, 
however, no preacquired images are obtained and the monitor 28 may simply 
display icons representing the positions of the various members, including the 
screws 82, and other selected points, thereby eliminating the need for 
registration and of capturing patient images. 

[00113] With reference to Figure 6 and Figure 7A, the process is 
generally started in block 148. As discussed above, the incision 204 and optional 
preacquired images may be obtained prior to or at the start block 148. After the 
incision 204 is formed, a first screw 206, is positioned in a predetermined 
position, such as a first vertebrae 208. It will be understood that the first screw 
206 may be positioned in any appropriate location. 

[00114] Nevertheless, once the first screw 206 is positioned in the first 
vertebrae 208 the position of the first screw 206 can be determined, such as 
determining the position of the first member in block 152. The position of the first 
screw 206 can be determined by positioning the first localization element 104 
relative to the first screw 206. As discussed above, the localization member 104 
may include the extender 116 that is able to selectively engage a portion of the 
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first screw 206. In addition, the localization unit 104 includes the tracking 
element 110 that includes portions that may be detected by the detector 22, such 
as detectable portions 120, 122 and 124. Therefore, after the first screw 206 is 
inserted into the vertebrae 208, the localization unit 104 may be affixed thereto. 
The localization unit 104 is used to determine the location of the first screw 206. 
The detector 22 detects the location of the tracking element 1 1 0, such that the 
detected location can be transmitted to the navigation computer 24 and 
illustrated on the monitor 28, via an icon representing the first screw 206. 

[00115] The localization element 104 may be able to provide any 
selected information. For example, the localization element 104 may be keyed to 
a selected shape of the first screw 206, such that the localization element 1 04 
may engage the first screw 206 in substantially only one manner. In this way, the 
trajectory, rotational position, and location of the first screw 206 may be 
determined with six degrees of freedom information. In addition the axis of the 
screw head 86 may be determined if the screw 206 is a multi-axis screw. 
Although this is not required, it may be selected to determine this information 
depending upon the implant being implanted, such as the construct 80 where the 
connector 88 is selected to engage the screws in a selected manner. 

[00116] In addition, the localization element 104 may include any 
appropriate localization portion different from the tracking element 110. For 
example, an optical based tracking element may be included as a tracking 
element 1 1 0 or selected coils may be positioned relative to the tracking element 
110, such that an EM system may be used to determine the location of the first 
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screw 206. Also, the first screw 206 may include internally contained elements, 
such as coils, that are able to be located using an EM location system. 
Therefore, it will be understood that the localization elements, 104, 106, and 108 
are only exemplary apparatuses to determine the location of the first screw 206. 
Moreover, by having localization element 104 continuously affixed to screw 206, 
no dynamic reference frame 38 is required since any movement of the vertebrae 
will be detected by the detector 22, via localization element 104. Alternatively, a 
navigatable needle or probe 246 (Figure 1 1 A) may simply be used to contact the 
screw 200 to determine its location. In which case, a dynamic reference frame 
38 attached to the vertebra of interest may be helpful. 

[00117] After the location of the first screw is determined, such as in 
block 152 the location of the first screw 206 is saved in the navigation computer 
24, such as included in block 154 where the position to the first member is saved. 
Therefore, the position of the first screw may be illustrated on the monitor 28. 
With reference to Figure 7B, the monitor 28 may be any appropriate monitor, 
such as a cathode ray tube, liquid crystal display, plasma display, or a goggle 
display for individual viewing. Nevertheless, the monitor 28 may display a 
selected screen 210 that may include any appropriate portion. 

[001 18] For example, the screen 21 0 may include a top section 212 that 
illustrates an anterior/posterior plane view or a representation of the first screw 
206. The representation of the first screw 206, is a substantially virtual first 
screw 206" on the screen 210. The location of the first screw 206 can be 
illustrated as the virtual first or first icon screw 206' due to the detection by the 
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detector 22 of the localization element 104. Although other appropriate 
mechanisms may be used to localize the first screw 206. The screen 210 may 
also include a bottom portion or second portion 216 that illustrates a substantially 
lateral plane view of the first screw 206 as a cross-section or profile of the first 
virtual screw 206'. It will be understood that any appropriate views may be 
represented on the screen 210 and only including the anterior posterior plane 
view in section 212 and the lateral plane view in section 216 is simply exemplary 
and not intended to limit the present disclosure. Nevertheless, the virtual screw 
206' may illustrate the rotational position, the trajectory, the location, and any 
other attributes collected due to the saving of the first position of the first screw 
206. 

[00119] In addition, the monitor 28 may be a touch sensitive monitor, 
such that touch button 210 may be included on the monitor 28. The touch 
buttons may allow for the selection of which localization element is connected to 
the screw and may be used for later navigation purposes. It will be understood, 
however, that the touch buttons 218 are merely exemplary and not required. For 
example, the touch buttons 218 may also be selectable by a pointer device, such 
as a generally known mouse, or commands and selections may be substantially 
manually entered with a keyboard or the like. 

[00120] With reference to Figure 8A and continuing reference to Figure 
6, a second screw 220 may be positioned in a second vertebrae 222. Positioning 
the second screw 220 is exemplary of placing a second member in block 156. 
The second screw 220 is also generally positioned through the dermis 202 
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through an incision 224 formed therein. It will be understood that the second 
screw 220 is generally positioned through similar soft tissue as the first screw 
206. Therefore, the screw 220 can be positioned into the second vertebrae 222 
through any generally known method. 

[00121] The position of the second screw 220 may then be determined, 
such as determining the position of a second member in block 158 of the method 
146, using a second of the localization element 106. The second localization 
element may include the extender 126, which is able to operably engage the 
second screw 220. As discussed above, the extender 126 may engage the 
second screw 220 in any appropriate manner, which may include a substantially 
quick release manner using the levers 134. The second localization element 106 
generally includes the tracking element 112, which includes the navigation areas 
128, 130 and 132, such that the detector 22 may detect the position of the 
tracking element 112. The dimensions of the extender 126 relative to the second 
screw 220 and a tracking element 112 are generally known and can be selected 
using the computer 24. Also, as discussed above, the position of the second 
screw 220 may be determined using any appropriate mechanism. 

[00122] Therefore, the detector 22 may detect the position of the 
tracking element 112 and transmit the information to the computer 24, such that 
the location of the second screw 220 may be determined both independently 
and/or relative to the first screw 206. The position of the second screw 220 may 
be saved, such as saving the position of the second member in block 160 of the 
method 146. As with the position of the first screw 206, the position of the 
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second screw may be illustrated on the screen 210. Alternatively, the navigated 
needle or probe 236 (Figure 9B) may be used to sense the location of the second 
screw. After sensing the location of the second screw 220, its location may be 
known relative to the first screw 206. When the localization element 108 is not 
attached to the second screw 220, the dynamic reference frame 38 may be 
referenced to determine the position of the second screw 220 if there is any 
movement of the vertebrae. It will be understood any number of implant portions 
may be sensed. In addition, a plurality of constructs may be sensed and 
interconnected. Therefore, providing only one construct or one connector is 
merely exemplary and not limiting. 

[00123] With reference to Figure 8B, after the detector 22 has detected 
the position of the second screw 220, a second virtual screw 220' is illustrated on 
the monitor 28. The screen 210 may change to illustrate the second virtual 
screw 220'. Substantially similar views of the second virtual screw 220' may be 
illustrated similar to those of the first virtual screw 206'. For example, an AP 
plane view of the second virtual screw 220' may be illustrated relative to the first 
virtual screw 206', such that the relative locations and measurements may be 
obtained relative to the first virtual screw 206'. Similarly, a lateral plane view may 
illustrate a substantially cross section or profile view of the second virtual screw 
220' similar to the virtual first screw 206'. Nevertheless, the monitor 28 is able to 
illustrate on the screen 210 the relative position of the first screw 206 as the first 
virtual screw 206' and the second screw 220 as the second virtual screw 220'. 
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[00124] Once the location of the first screw 206 and the second screw 
220 have been saved on the navigation computer 24 the relative distances, 
orientations, and the like may be illustrated on the screen 210. Therefore, a user 
is able to determine the position, location, displacement, and other attributes of 
the first screw 206 relative to the second screw 220, although the first screw 206 
is not viewable and neither is the second screw 220 through the dermis 202. The 
virtual display of the first virtual screw 206' is displayed relative to the display of 
the second virtual screw 220' so that this information may be known. 

[00125] With reference to Figure 9A, the information displayed on the 
screen 210 illustrates a substantially virtual view of the anatomical occurrences. 
Therefore, the anatomical portion may not change, but the screen 210 and the 
computer 24 operably connected thereto may be used to plan further portions of 
the procedure. 

[00126] The first virtual screw 206' and the second virtual screw 220' 
may be shown alone on the screen 210 or may be shown in conjunction with an 
image of the spine 200. The image of the spine may be an image acquired pre- 
or intra-operatively of the patient 40. For example, if the fluoroscopic device 52 
is included in the procedure, a real-time image of the spine 200 may be taken 
and illustrated relative to the first virtual screw 206' and the second virtual screw 
220' on the screen 210. The first screw 206 and second screw 220 may also be 
generally radial opaque. Therefore, the image taken of the spine 200, including 
the first screw 206 and the second screw 220, may be used to verify the 
representation of the first virtual screw 206' to the second virtual screw 220'. In 
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addition, the image of the spine may be superimposed over the first virtual screw 
206' to the second virtual screw 220' to give a visual cue of the anatomical 
portions specifically near the screws 206 and 220. Although the inclusion of the 
image of the spine is not necessary, it may be selected to include the image of 
the spine. 

[00127] The image of the spine may also be achieved by using a 
generally known atlas that is morphed to the patient 40 using pre-acquired or 
intra-operatively acquired images. The morphed atlas image may be morphed 
relative to the specific anatomy of the patient 40. In addition, the position of the 
screws in the anatomy may be known and the morphed atlas image of the spine 
be morphed or augmented, such that the known locations of the first screw 206 
and second screw 220 substantially meet the size indications of the morphed 
atlas image. Therefore, the spine image may either be an image of the patient 
40 or a morphed atlas image that may be stored in the navigation computer or 
accessed by the navigation computer 24. 

[00128] Nevertheless, and as may be typically performed, a virtual or 
representative spine 200' may be displayed as an icon or representation of the 
spine 200. The virtual spine 200' may be a generally known atlas model or 
computer generated representation of the vertebrae relative to the screws 206 
and 220. Therefore, the display may include the icons of the screws 206' and 
220' also, or in addition, to an icon or graphical representation of the spine 200. 
The virtual spine 200' is not necessarily directly representative of the spine 200 
and may simply be for user comfort while the positions of the screws 206 and 
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220 are known and represented as the first virtual screw 206' and the second 
virtual screw 220'. 

[00129] If a virtual image, such as from an atlas model or a 3D model, is 
used to form the virtual spine 200' on the screen 210, the atlas or 3D model may 
be morphed relative to any known measurement. For example, the 3D model or 
atlas model may be morphed relative to the size of the screws implanted into the 
spine 200. Therefore, the atlas or 3D model may be morphed or scaled to the 
size of the implanted screw due to the inputted information about the screw into 
the navigation computer 24. Information regarding the size of the screw relative 
to a size of the vertebrae or the pedicle into which the screw is placed may be 
used for the scaling. Therefore, a generally known atlas or 3D model may be 
morphed knowing the size of the screws implanted or any other known 
measurement, such as also a pre- or intra- operatively acquired image, if one is 
acquired. 

[00130] Regardless of whether the screen 210 includes the virtual spine 
200' or an image of the spine 200, the determination of various aspects of the 
procedure may occur. For example, an alignment in the AP plane may be 
selected or suggested, such as selecting an alignment in the first plane in block 
162. An alignment display line 226 may be displayed in the AP section 212 of 
the screen 210. The anterior posterior alignment line 226 may either be selected 
by a user or suggested by the navigation computer 24 depending upon selected 
inputs. The anterior posterior alignment line 226 may be used for any purpose, 
such as ensuring a substantially straight line between the first screw 206 and the 
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second screw 220, such as represented by the first virtual screw 206' and the 
second virtual screw 220'. Nevertheless, it will be understood that the alignment 
line 226 may be used to choose any appropriate or selected alignment of the 
anatomy relative to the virtual screws 206' and 220' or to any portion outside of 
the virtual screws 206' and 220'. That is, the alignment line 226 may be used to 
align a position generally between the first virtual screw 206', therefore, the first 
screw 206 and the second screw 220', and therefore, the second screw 220, or 
to any point outside of the two screws 206 and 220. 

[00131] In addition, an alignment in a second plane, such as the lateral 
plane, illustrated in the second section 216 may be selected or chosen, such as 
selecting alignment in a second plane in block 164. Any appropriate alignment, 
such as a selected radii may be illustrated or chosen in the second section 216. 
For example, three possible radii 228, 230, and 232 may be illustrated between 
the first virtual screw 206' and the second virtual screw 220'. The radii may be 
suggested by the navigation computer 24 or selected by the user. Nevertheless, 
a plurality of the radii lines may be illustrated in the second section 216 of the 
screw 210 for selection and use by the user. The display of the various 
alignments or radii in the second section 216 allows the user to determine or 
select the radii most appropriate for the procedure. 

[00132] With continuing reference to Figure 9A, once the alignment has 
been selected, such as the alignment of alignment line 226 and the alignment of 
alignment line 230, as only an example, a navigated instrument may be used to 
achieve a selected location and trajectory of a third screw 240 (Figure 10A) such 
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as determining a location and trajectory of a third member in block 166. Any 
appropriate instrument may be used to select and navigate a trajectory of the 
third screw 240. For example, a navigated needle may be used to achieve the 
initial location and trajectory of the third screw in a third vertebrae 234 (Figure 
10A). 

[00133] With continuing reference to Figure 9A and additional 
referenced to Figure 9B a navigated needle 236 may be used to touch one or a 
plurality of points on the third vertebrae 234. The navigated needle 236 may use 
any appropriate navigational location system and may include a locating or 
tracking element, such as those described above, such that the detector 22 may 
detect the location of the needle 236 and it may be displayed on the monitor 28. 
A virtual navigated needle 236' may be shown as a crosshair in the AP section 
212 of the screen 210 and may be shown as a pointer in the lateral plane view 
section 216. In addition, a optimal location 238 may be shown on the screen 210 
as a circle or other indication for locating a trajectory of the third screw. \ 
Therefore, the navigated needle 236 may be used to illustrate a virtual navigated 
needle location 236' on the screen 210 such that the navigated needle 236 may 
be moved until it substantially intersects the optimal location 238 illustrated on 
the screen 210. The navigated needle 236 may then be used to form a pilot hole 
or point in the third vertebrae 234 for initial locating and driving of the third screw. 

[00134] The navigating computer 24 may form the optimal location 238 
displayed on the monitor 28 as a location on the screen 210 such that the 
navigated needle 236 may be moved to substantially reach in the anatomical 
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spine 200 the optimal or suggested location illustrated on the screen. The virtual 
navigated needle 236' allows the user to move the navigated needle 236 and see 
a location of the navigated needle 236 on the screen 210 as the virtual navigated 
needle 236' such that the navigated needle may be moved relative to the spine 
200 without the user actually viewing the spine 200 or a tip of the needle 236. 
The navigation computer 24 may calculate the optimal location 238 for placement 
of the third screw due to the selection of the alignment planes 226 and 230. 

[00135] Once the navigational needle 236 has reached the optimal 
location 238 determined by computer 24 or selected by the user the third screw 
240 may be inserted into the third vertebrae 234. The third screw 240 may be 
inserted into the position pierced with the navigation needle 236. The piercing by 
the navigation needle 236 may provide an initial trajectory for placing the third 
screw 240 into the third vertebrae 234. Nevertheless, to insure the achievement 
of the selected radii, the third screw 240 may need to be inserted to a selected 
depth. Therefore, the third screw 240 may be navigated using the navigation 
computer 24 to display the screen 210 that includes the third screw 240 as a third 
virtual screw 240'. 

[00136] With reference to Figure 10A, the positioning of the third screw 
240 may be guided and navigated using the navigation computer 24 and viewing 
the virtual third screw 240' on the screen 210. Alternatively, navigation needle 
236 may be used to engage a top of the third screw 240 thus allowing the 
determination of the position on the third screw 240 for displaying the third virtual 
screw 240'. Alternatively, the third location element 108, including the tracking 
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element 114 positioned on the extender 136, may engage the third screw 240. 
Using the substantially quick release mechanism the localization element 108 
may be quickly engaged and disengaged from the third screw 240. Therefore, 
the third screw 240 may be positioned in a first location and the localization 
element 108 be positioned relative to the third screw 240 and a location of the 
third screw 240 be determined. 

[00137] The first position of the third screw 240 may be illustrated as 
240' in phantom as illustrated in Figure 10B. The phantom location of the virtual 
screw 240" may indicate that the third screw 240 must be further driven into the 
third vertebrae 234 to achieve the selected location. Therefore, the location 
element 108 may be removed from the third screw 240 such that the third screw 
may be driven further into the third vertebrae 234. After the adjustment of the 
third screw 240 the localization element 108 may be reengaged to the third screw 
240 and the location again determined of the third screw 240. This process may 
be repeated any appropriate number of times to guide the positioning of the third 
screw such as guiding the positioning of the third member in block 170. It will 
also be understood that any appropriate mechanism may be used to navigate the 
movement of the third screw 240. As discussed above, various mechanisms 
may either be included in the third screw 240 or attached to the third screw 240 
rather than using the imaged based system. Nevertheless, the positioning of the 
third screw 240 can be substantially navigated using the navigation computer 24 
such that the placement of the third screw 240 can be substantially precisely 
placed. 



60 



Attorney Docket No. 5074A-000067 
Medtronic Ref. PC970.00 

[00138] It will be understood that very precise placement of the third 
screw 240, or any of the screws 206 and 220, may not be necessary when a 
non-rigid fourth member or connector is used. For example, the third screw 240 
may be navigated to a selected position, such as one to insure a selected 
purchase in the third vertebrae 234, and a deformable connector may then be 
used to interconnect each of the screws 206, 238, and 240. The flexible or 
deformable connector may be an injectable catheter, a cord, or other appropriate 
deformable connector. Therefore, it will be understood that the navigation of the 
positioning of the third screw 240, or any of the screws 206, 220 or any other 
number of screws, may be navigated such that the screws achieve a selected 
characteristic, such as a purchase in the selected vertebras, and a deformable or 
selected connector may be used to interconnect the various screws. 

[00139] When a rigid connector is being used, however, the screen 210 
and the navigation computer 24 may be used to determine a characteristic of a 
connector. For example, with reference to Figure 10B, if a rigid rod is being used 
to interconnect the screws 206, 220, and 240, the display may indicate a rod 
length 242 and a rod radius 244. Therefore, the navigation computer 24 may 
assist in the selection of an appropriate rod and assist in placing the screws 206, 
220, and 240 to achieve this selected rod characteristics. The determination of 
the appropriate rod and characteristics may be similar to that performed in block 
172. 

[00140] After the appropriate characteristic or selected characteristic is 
determined, the plan, including the selected rod to interconnect the screws 206, 
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220, and 240, may be determined such as determining the plan and selection of 
fourth member block 174. After the plan is determined, the user may either reject 
the plan such as in block 176 or accept the plan in block 178. If the plan 
illustrated on the screen 210 is rejected the third screw 240 may be navigated to 
a different position. Therefore, the steps described above may be repeated to 
position the third screw 240 in a different selected location and which may be 
illustrated on the monitor as the virtual third screw 240'. Again, the localization 
element 108 may be used to determine the location of the third screw 240 and 
illustrate the location of the third screw 240 on a screen 210. 

[00141] If the plan for selection of the connector is accepted, as in block 
178, the rod may be operably interconnected with a navigable instrument. With 
reference to Figure 5, the connector 88 may include the exemplary rod 92 which 
includes the selected characteristics, such as a rod length of 75 mm and a rod 
radius of 196 mm. Nevertheless, it will be understood that different connectors 
may have different radia and lengths. 

[00142] Nevertheless, the rod 92 is generally interconnected with the 
instrument 36 which includes the tracking element 230. The rod 92 is generally 
fixed at the proximal end 92b to a portion of the instrument 36 that is able to 
substantially selectively hold the rod 92 during the implantation. The selection of 
the rod may then be accepted or inputted into the computer 24 such that a 
computer 24 knows the length of the rod 92 extending from the instrument 36. 
The rod 92 and its distal endpoint 92a may then be calibrated and verified, such 
as in block 186. This may include the stored data regarding the rod 92 or 
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through various tests to locate the distal end 92a of the rod 92 in the instrument 
36. Therefore, because the rod 92 and the instrument 36 have been calibrated, 
the navigation computer 24 is able to determine the location of the distal end 92a 
of the rod 92 by the detection by the detector 22 of the tracking elements 230 
affixed to the instrument 36. Nevertheless, it will be understood that any 
appropriate tracking element may extend or be incorporated with the instrument, 
such as various EM coils. In addition, the rod 92 may include various tracking 
elements such as coils that may be detected in an EM navigation system or other 
appropriate navigation systems. Nevertheless, regardless of the apparatus or 
method chosen, the location of the rod 92 is able to be determined by the 
navigation computer 24 and navigated and illustrated on the screen 210. 

[00143] With reference to figures 1 1 A and 1 1 B the position of the dermis 
202 may be determined relative to the spine 200. Although, as discussed above, 
determining the location of the soft tissue 202 relative to the spine 200 is not 
necessary. It may assist in determining an appropriate path of the rod 92 
through the screws 206, 220, and 240. Therefore, a selected instrument such as 
the dermal topography instrument 246 may be used to trace or determine various 
points of the dermis 202. The dermis topography instrument 246 may include a 
tracking element 248 that includes navigation points 250, 252 and 254. As 
discussed above, the tracking element 248 may be detected using the detector 
22 to determine a location of a distal tip 256 of the dermal topography instrument 
246. The dermal topography element 246 may be traced over or touched to a 
plurality of points on the dermas 202 such that a virtual dermal layer 202' may be 
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illustrated on the screen 210. Therefore, the dermal layer or location of the soft 
tissue may be illustrated on the screen 210 and location determined such as 
determine a location of selected soft tissue in block 1 80. 

[00144] After the dermal tissue has been located and illustrated on the 
screen 210 an entry point 258 may be selected or determined with the navigation 
computer 24 and illustrated as a virtual entry point 258' on the screen 210. 
Therefore, the location of a entry 258 may be selected depending upon the 
topography of the dermis and other selected soft tissues. Nevertheless, it will be 
understood that the determination of an entry point such as in block 182, may be 
determined without providing an outline of the dermas 202. In addition, the entry 
point may be selected by a user regardless of the topography of the dermas and 
may be selected based upon other considerations. Nevertheless, the navigation 
computer 24 is able to illustrate the dermal layer 202 relative to the screws 206, 
220, and 240 on the screen 210. In addition, as discussed above, a virtual spine 
may overlay the virtual screws 206', 220' and 240' on the screen 210. Therefore, 
a substantially complete anatomical view may be displayed on the screen 210 
including both an outline of the dermas 202 as a virtual dermal outline 202' and a 
spine. 

[00145] It will also be understood that if the fluoroscopic device 50 is 
included that an image may be taken at any appropriate time to confirm the 
location of the screws 206, 220, and 240 in the spine 200 as located on the 
screen 210. Therefore, an image may be taken intra-operatively, or at any other 
appropriate time, to confirm the location of the screws in the spine 200. This 
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image may also be viewed on the screen 210 rather than a preoperative or a 
atlas image. 

[00146] With reference to Figures 12A and 12B after the rod 92 has 
been calibrated relative to the instrument 36, the implantation of the rod 92 may 
proceed. With particular reference to Figure 12B the first section 212 of the 
screen 210 may change to a Dynamic Trajectory view of the distal end 92a of the 
rod 92 being illustrated as a crosshair 260 relative to a circle or other appropriate 
shape as a desired path 262. The progress of the rod 92 along the planned 
route may also be illustrated as a bar or other graphic 264. It will also be 
understood that the progress may be illustrated using a numerical indication, 
such as a percent. 

[00147] The distal end 92a of the rod 92 is localized, prior to the 
beginning of the procedure, such as in block 188. After the distal end 92a of the 
rod 92 has been localized, the navigation computer 24 may be used to navigate 
and illustrate the movement of the rod on the screen 210. Therefore, the 
movement of the rod may be tracked such as the fourth member may be tracked 
and guided, such as in block 190. the position of the distal end 92a of the rod 92 
is illustrated as the crosshair 260 such that the user is able to determine whether 
the distal end 92a of the rod 92 is positioned relative to the desired path as 
illustrated as a desired path 262. 

[00148] In addition to the numerical graphical progress illustrated in the 
first part 212 of the screen 210, a virtual location of the rod 92 may be illustrated 
as the virtual rod 92' on the lateral plane view of the screen 210. In addition, the 
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distal tip 92a may be illustrated as a virtual distal tip 92a 1 . Therefore, a virtual 
image of the progress of the rod 92 may be illustrated on the monitor 28 as 
determined by the navigation computer 24. The position of the rod 92 is known 
and may be determined due to the fact that the rod 92 is generally fixed to the 
instrument 36 which includes the tracking elements 230. The detector 22 may 
detect the tracking element 230 to determine the position of the instrument 36 
and the navigation computer 24 is able to then determine the location of the rod 
92 and the distal tip 92a. The position and movement to the distal tip 92a can be 
known and illustrated as the virtual distal tip 92a or the crosshair 260. In this 
way, the position of the distal tip 92a of the rod 92 can be illustrated for both 
determining and insuring that the distal tip 92a is moving along the selected path 
262 and the virtual progress of the rod 92 through the spine 200. Therefore, the 
progress of the rod 92 may be indicated as the progress of the fourth member in 
block 192. 

[00149] It will be understood, however, that the rod 92 may also include 
other tracking elements, such as coils that may be detected with an EM detector, 
rather than including the tracking element 230 on the instrument 36. In addition, 
the connector 92 or a similar connector, may not necessarily be a substantially 
rigid member. Rather the connector may be a substantially navigable or 
steerable catheter which may be steered relative to the screws 206, 220, and 
240. Therefore, the dynamic trajectory section of the screen 210 may illustrate or 
show the distal end of the steerable catheter relative to the selected path 262. 
Nevertheless, the selected path, 262 may be generally discontinuous such that 
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the steerable catheter may be steered to achieve the selected path 262. 
Therefore, the steerable catheter may be inserted relative to the screws 206, 
220, and 240 in a selected manner using the navigation computer 24 and the 
monitor 28 such that a substantially complex interconnection can be formed 
without a generally open procedure to completely view the spine 200. 

[00150] With reference to Figures 13A and 13B, the connector 92 may 
generally interconnect each of the three screws 206, 220, and 240. The 
navigation of the connector 92 may also be useful in determining the 
achievement of the distal end 92a of the connector 92 at the pre-selected end 
point relative to the one of the screws. As exemplary illustrated here the second 
screw 220 substantially defines an end point of the movement of the connector 
92. Therefore, the navigation computer 24 is able to determine the achievement 
of the end point by the fourth member such as in block 194. The screen 210 may 
illustrate this achievement of the end point by illustrating the virtual rod 92' 
positioned at a selected position relative to the virtual screws on the screen 210. 
In addition, various indications such as word indications 266 including FINISHED 
may be illustrated on the screen 210 to notify the user that the predetermined 
plan has been achieved. In addition, the virtual rod 92' may change colors, an 
audible signal maybe created, or any other appropriate signal may be used to 
signal the user that the predetermined plan has been achieved. Generally, the 
procedure is then ended such as in block 196. Nevertheless, various other 
actions may be taken such as removing the instrument 36 from the rod 92, 
suturing the incisions formed for the insertion of the screws, and removing the 
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localization elements 104, 106, and 108, or any other appropriate measures that 
are selected to be taken to complete the implant procedure. In addition, after the 
various localizers and other elements are removed, the screws are generally 
tightened onto the connector 92. This may occur in any appropriate manner, 
such as locking the multi-access screws in a selected position, tightening the 
screw relative to the bone to hold the connector 92 relative to the bone, or any 
other appropriate manner. Generally, the navigation allows the connector to be 
positioned relative to the screws and afterwards, the screws are locked relative to 
the connector. 

[00151] In addition, the optional imaging system 50 may be used to 
acquire an image of the patient 40 for display on the monitor 28. The optional 
image acquired of the patient 40 may also be used to confirm proper placement 
of the construct 88 in the patient 40. Also, as illustrated in Figure 13B, the 
acquired image of the patient 40 may be superimposed over the icons 
representing the screws 206", 220' and 240" and the rod 92', to confirm proper or 
selected placement of the construct. Again, as discussed above, an image of the 
patient 40 is not required to perform the procedure thus the optional imaging 
system 50 is not necessary to acquire an imaging of the patient 40. 

[00152] Therefore, the construct 88 may be implanted in the patient 40 
through a substantially minimally invasive procedure. The incisions though the 
dermis 202 may be kept small thus reducing trauma and minimizing direct 
visualization of the anatomy. Nevertheless, the imageless navigation system 20 
may be used to track, guide and assist in the implantation percutaneously. 
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[00153] According to the above, a multi-level or geometrically 
constrained construct, such as the spinal implant 80, may be implanted relative 
to a spine through a substantially less invasive or percutaneous procedure. The 
implantation of the construct 80 relative to the spine 200 may include a plurality 
of elements, such as the three or more screws 206, 220, and 240 or any 
appropriate number of screws and the connector 88 to interconnect each of the 
screws. Although the above discussion included three screws only one or more 
than three may be used. In addition, the navigation computer 24 may be used 
when the connector 88 is of a selected and/or constrained geometry. 

[00154] The navigation computer 24 may be used to navigate the 
connector relative to the plurality of screws such that a selected position, which 
may be a substantially complex position, of the connector can be achieved. In 
addition, the selected position of a connector may be achieved without 
substantially mechanical means or apparatus required to move the connector 
relative to the screws. Rather, the navigation computer 24 is able to navigate the 
connector, such as the rod 92, relative to the other elements of the construct. 

[00155] Although the above discussion has exemplary illustrated the 
method to implant a construct relative to a spine it will be understood that any 
other appropriate construct may be implanted. For example, the navigation 
system may be used to navigate an acetabular implant substantially 
percutaneously. The positions of the acetabular implant may be determined 
using localization or tracking elements and the placements of other elements 
relative to selected portions of the anatomy or other portions implanted may be 
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navigated with the navigation computer. Therefore, the navigation computer 24 
may be used to navigate the implantation of any appropriate implant through a 
generally percutaneous and/or minimally invasive procedure. 

[00156] It will be understood that the above is merely exemplary of 
applications of the present disclosure and appended claims. For example, 
although the above description is related to implanting a connector relative to a 
plurality of screws, it will be understood that the information collected into the 
navigation computer 24 may also be used to customize a connector. Therefore, 
a connector may be bent either manually or automatically to interconnect the 
plurality of screws. In addition, a kit may include a plurality of connectors, such 
as the kit illustrated in Figure 3, to allow for the selection of a connector that 
substantially interconnects the screws 82 in a selected manner. Therefore, the 
method 146 may be used to implant a connector relative to a plurality of screws 
in any appropriate manner. Also, the navigation computer 24 and the method 
146 generally allows for the connection of a plurality of points, such as three or 
more. Therefore, a complex geometry, such as a constrained geometry, can be 
easily achieved by use of the presently described invention. Therefore, a 
mechanical alignment device is not necessary, though it may be used. 

[00157] The description of the invention is merely exemplary in nature 
and, thus, variations that do not depart from the gist of the invention are intended 
to be within the scope of the invention. Such variations are not to be regarded as 
a departure from the spirit and scope of the invention. 
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